In 1967, Runyon et al. (25) published species descriptions for Mycobacterium tuberculosis (Zopf) Lehmann and Neumann, M. bovis Karlson and Lessel, and M. microti Reed. In this publication, strain H37Rv (32) was proposed as the neotype of the species M. tubercuzosis. Because the publication by Runyon et al. (25) did not meet the requirements for the designation of a neotype ( 5 ) and because there was only minimal information regarding the in vitro characteristics, pathogenicity, and maintenance of virulence of strain H37Rv, it was deemed necessary to designate properly the neotype of M. tuberculosis and to describe fully its properties. Furthermore, the use of strain H37Rv as the "standard" for M. tuberculosis in taxonomic studies, drug susceptibility testing, and pathology-immunology experiments has resulted in the world-wide distribution of this strain to the extent that it is maintained by virtually every mycobacterial culture collection in existence. Unfortunately, through lack of knowledge or experience, many cultures of H37Rv no longer are virulent for their common laboratory animal hosts. It is hoped that this publication will clarify the problem of maintenance of virulence, especially as it pertains to this widely used and newly designated neotype.
It is not intended that the species description of M. tuberculosis as detailed in the present and forthcoming issues of Bergey's Manual or the publication by Runyon et al. (25) be reiterated here. Rather, we will concentrate on the history, in vitro characteristics, and virulence for mice and guinea pigs of the neotype in comparison to other strains of M. tuberculosis.
MATERIALS AND METHODS
Strain H37Rv. M. tuberculosis strain H37 was isolated from a human patient in 1905 by E. R. Baldwin, Trudeau Sanatorium, Saranac Lake, N.Y. (32) . The early studies of Steenken et al. (32) revealed that this strain could dissociate into avirulent and virulent colony forms. Strangely enough, the terms first used to describe these variants were "R" and "S," but these letters did not refer to the words rough and smooth commonly used to describe colonial variants; instead the terms were used t o describe those variants resistant (R) or susceptible (S) to the environment of the culture medium, even though both colonial variants were rough. If the original designations had persisted, the virulent variant of the neotype strain would be H37S. Fortunately, however, the inapt choice of the letters R and S was realized, and Steenken (28) changed the designation of the virulent variant from S to Rv (for rough virulent). In a subsequent publication (23) the full designation H37Rv was used for the first time, and the virulence of this variant was compared with that of the avirulent colony form (H37Ra).
Maintenance of H37Rv. For the past 3 years, strain H37Rv has been maintained at the Trudeau Institute as a frozen suspension (-70 C) in the phosphatebuffered (0.067 M, pH 6.8) gelatin (1%). Prior to this time it was maintained by routine passage of pellicle growth at 10 to 14 day intervals on the surface of Proskauer and Beck (PB) medium.
Because there are many modifications of the PB formula in existence, the medium as used in this KUBICA, KIM, institute is described below. PB medium: monopotassium phosphate, 5.0 g; asparagine, 5.0 g; magnesium sulfate.7H20, 0.6 g; magnesium citrate, 2.5 g; glycerol, 20.0 ml. and distilled water, 1,000.0 ml.
Dissolve the above ingredients in order, being certain each compound is solubilized before the next is added. Adjust pH to 7.8 by the addition of 40% NaOH (about 3.5-5.0 ml/liter). Autoclave at 15 psi (12 1 C) for 15 min, after which the pH should be 7.4. Filter the medium to remove any precipitate, bottle in desired volumes, and autoclave again at 15 psi (121 C) for 15 min.
Methods. In 1968, a contract was negotiated with the National Institute of Allergy and Infectious Diseases to expand the Trudeau Mycobacterial Culture (TMC) Collection to contain highly characterized representatives of species of mycobacteria demonstrated to have biomedical significance. Currently, the collection is comprised of 150 strains representing 25 species of mycobacteria. To characterize these organisms for taxonomic purposes, it has been necessary to utilize a number of in vitro tests, descriptions of which follow.
Arylsulfatase activity was determined by the method of Jones et al. ( l l ) , and any activity of +, or greater, was recorded after 3 days, 2 weeks, and 5 weeks. Character 1 : 3 days, arylsulfatase positive. Character 2: 2 weeks, arylsulfatase positive. Character 3 : 5 weeks, arylsulfatase positive. Catalase activity was measured both at room temperature (semiquantitative test) and after heating culture suspensions to 68 C, by the methods of Kubica et al. (20, 21 (36) .
Character 20 :growth on 0.1 % picric acid. The oleate tolerance test of Wayne et al. (41) was modified according to Kestle et al. (15) .
Character 21 :growth on 0.025% oleate. Character 22:growth on 0.05% oleate. Character 23:growth on 0.1% oleate.
Growth and degradation of p-aminosalicylate (PAS), p-aminobenzoate (PABA) and salicylate (SAL), as proposed by Tsukamura (36) , was modified by adding the recommended concentrations of PAS and SAL and 0.2% PABA to ATS medium (43) .
Character 24:growth on PABA. Growth after exposure to 60 C for 4 hr was determined as described by Gordon and Smith (7) except that Lowenstein-Jensen egg medium was used in place of glycerol agar slants. Character 30:growth occurs after heating culture to Iron uptake was investigated by the method of Szabo and Vandra (35) .
Character 3 1 :iron uptake positive. The niacin test was performed as described by Hippurate hydrolysis was studied as described by Gordon (6).
Character 39: hippurate hydrolyzed. Tween hydrolysis was detected as described by
Character 40:Tween hydrolyzed in 5 days. Character 4 1 :Tween hydrolyzed in 10 days. The Tween opacity test was performed according to Wayne et al. (41) , except that the first reading was at 2 weeks rather than 1 week.
Character 42:Tween opacity produced in 2 weeks. Character 43:Tween opacity produced in 5 weeks. Pigment production was recorded as described by character 44 :culture photochromogenic. Character 4 5: culture scotochromogenic.
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by Abbott et al. (1) . Character 4 6 :culture nonpho tochrimogenic.
Temperature of growth was determined by inoculating a 100-to 1,000-fold dilution of a barely turbid suspension of the organism in question on the surface of six Lowenstein-Jensen egg slants. Each slant was placed in an incubator of known temperature (+1 C).
Character 47:growth occurs at 19 C. Character 48:growth occurs at 25 C. Character 49:growth occurs at 32 C. Character 50:growth occurs at 37 C. Character 51 :growth occurs at 45 C. Character 52:growth occurs at 52 C. Drug susceptibility genetic markers were investigated by a combination of the methods of Vestal and Kubica (37) , Kubica and Dye (18) Colony morphology on oleic acid-albumin-agar was studied as described by Kubica and Jones (19) and Jones and Kubica (12) . Incubation was at 37 C for 3 weeks. Five classes of colony types were recorded.
Character 66: colonies rough, wrinkled, corded. amount of peripheral filaments. Speed of growth was determined at the temperature of growth (see characters 47-52).
Character 71 :growth in less than 7 days.
RESULTS AND DISCUSSION
The collection contains 39 strains optimal of M. tuberculosis which may be roughly divided into three groups: strains susceptible to all drugs, strains resistant t o isoniazid, strains resistant to drugs other than isoniazid. Within each of these groups are found guinea pig-virulent and -avirulent variants. After all 39 strains had been examined by the above 71 characters, a hypothetic median strain (HMS) pattern (22) (Table l) , and it can be seen that this strain has a 99% similarity t o the HMS, differing only in 1 out of 71 characters (H37Rv was positive in tellurite reduction at 6 days, whereas the HMS was not positive until the tenth day). Only one strain (TMC 110) was 100% like the HMS, whereas three others (TMC 116, 124, 322) showed 99% similarity like H37Rv. The remainder of the strains showed a range of similarities t o the HMS from 9 0 t o 97%.
It was interesting that the 19 strains of tubercle bacilli susceptible t o drugs had an average per cent similarity t o the HMS of 97.1 ; those resistant t o any drug exclusive of isoniazid showed an average similarity of 95.3% t o the HMS, whereas the isoniazid-resistant tubercle bacilli collectively were only 9 1.4% similar t o the HMS. In the latter instance, resistance t o isoniazid was always accompanied by loss of catalase activity, failure to demonstrate arylsulfatase activity at 5 weeks, and commonly by growth on pyronin B; other properties where differences occurred showed no intragroup trend.
Virulence for mice and guinea pigs. The virulence of tubercle bacilli has been the subject of concern among mycobacteriologists for years. Steenken et al. (32) early demonstrated that tubercle bacilli could undergo "forced mutation" t o lower levels of virulence, and subsequently Steenken (27) stated that too many passages of tubercle bacilli on a medium of acidic pH could result in a strain possessing a very low degree of virulence. The fact that most media employed today for primary isolation and maintenance of mycobacteria are acidic may account for the gradual loss in virulence of H37Rv (and other strains of tubercle bacilli). Steenken and Gardner (30) discussed their own experiences in this regard with respect t o the H37 strain, and they expressed (29) the strong feeling that growth of tubercle bacilli in a well buffered, completely synthetic medium of alkaline pH was tantamount t o maintenance of virulence.
Despite the extreme care and control of media preparation, culture transfer, animal-passage frequency, etc., the virulence of cultures of H37Rv has in recent times been quite variable and certainly diminished from that described in earlier reports. The method used here for assessment of virulence of tubercle bacilli in guinea pigs is a slight modification of the procedure described by Steenken and Gardner (29) . As originally described, the extent of tuberculous involvement of the spleen, liver, lungs, and lymph nodes was assigned a value proportional to the extent and severity of the grossly visible disease following the subcutaneous injection of 0.1 mg (ca. lo6 viable units) of viable tubercle bacilli. The maximal value for any organ was 4, resulting in a total value of 16 for an animal exhibiting advanced generalized tuberculosis. In recent years, the extent of liver involvement has been noted to be minimal, even in heavily diseased animals, so that currently the liver is eliminated from final numerical assessment, resulting in a maximal value of 12, reflecting involvement only of lung, spleen, and lymph nodes. Although admittedly subjective, this method of virulence assessment is remarkably constant when performed by a person well trained and experienced in its interpretation. There has been a continuity of such personnel at the Trudeau Institute since 1927.
In reviewing the levels of virulence of strain H37Rv over several decades, it is interesting to note that the studies of Steenken and Gardner (29) showed an average virulence index of 14 out of 16 (this would equal 10.5 on the present scale of 12), a level classified as highly virulent. Review of subsequent publications from the Trudeau Institute showed a gradual, almost imperceptible, drop in virulence index, reaching a level of 11.3 out of 16 (comparable to 8.5 on scale of 12) in a report published in 1959 (31) . These observations were brought more sharply to our attention when a routine guinea pig-virulence test of H37Rv in 1969 revealed an index of 7.3 out of 12, a value regarded as only moderate virulence, and this with an inoculum of ca. lo6 viable bacillary units.
To prevent still further reduction in virulence pending attempts to select, test, and propagate the more virulent colony form, we have prepared lots of H37Rv, both for seed and distribution, which are stored at -70 C (8). Our own experience with this storage temperature over a period of 3 years has been extremely rewarding. The cultures have retained not only their viability but also their virulence.
Needless to say, there are other strains of M. tuberculosis in our collection which are comparatively more virulent than H37Rv, some with indexes as high as 1 1 out of 12 (3), but not much is known about these organisms, and few investigators employ them for their experimental work.
The comparative virulence of H37Rv in mice (specific pathogen-free CD-I ) and guinea pigs (Trudeau outbred strain) has been reported from this Institute by Collins and Smith (3) . This report showed the variability in virulence of different substrains of H37Rv either returned to this institute by other investigators or as maintained here under different conditions of subculture. With the stock lot of H37Rv stored in a -70 C deep freeze since 1969, we have had occasion to infect mice repeatedly, both intravenously and by the airborne route, for various reasons. Figures 1 and 2 . . the lungs of CD-1 mice infected either intravenously or by the airborne route.
For all airborne experiments, cultures of H37Rv were removed from the -70 C deep freeze, quickly thawed in a 37 C water bath, and diluted to approximately 1 O5 organisms per ml of nebulizing fluid. By extrapolating back to the vertical axis (dotted portion of curves in Fig, 2) , it was possible to estimate the actual number of viable bacilli inhaled by an individual mouse. It is interesting that although the curves in Fig. 2 represent a range of over 2 years of experiments, the inhalation of 5 to 10 viable bacilli was still sufficient to establish a final total lung population per mouse of 10' viable H37 Rv. The extreme reproducibility of results using such small numbers of inocula is ample evidence of the persistence of viability and uniformity of infectivity of suspensions of this organism stored at -70 C.
Comparison of H37Rv with Koch's original description of tubercle bacilli. It is difficult, if not impossible, to establish unequivocally the relationship of the neotype, H37Rv, with the original tubercle bacillus described by R. Koch (17) . From Koch's original description, it is obvious that his investigations encompassed studies of not onlv M. tuberculosis but M. bovis as well. Koch described the organisms as staining with difficulty and accepting the primary stain (methylene blue in his studies) only after prolonged staining, or with application of mild heat; the bacilli were described as being nonmotile, rod shaped, about five times longer than their width, and about onefourth to one-half as long as the diameter of a red blood cell (7-8 pm), sometimes even equalling the diameter of a red cell. These observations are in agreement with the staining characteristics and size of H37Rv (0.3 to 0.6 by 1-4 pm) reported by Runyon et al. (25) . One of Koch's original observations which is at variance with present knowledge is his report that the stained bacilli contained spores. There seems little doubt that he was referring to granules or beads, described as being either polar or evenly distributed throughout the length of the bacillus (42) . Koch also mentioned that when the bacilli are in great numbers they frequently occurred in "braided groups," undoubtedly the phenomenon of cord formation described by Dubos and Middlebrook (4) .
Although he used heat-coagulated sheep or cow serum for his initial cultural studies, Koch described growth characteristics of the tubercle bacillus which are strikingly similar to those of M. tuberculosis grown on the more complicated culture media of today: growth, appearing first after 10 days as small points of dry-looking scales which enlarge within 3 to 4 weeks, flatten toward the periphery, and do not invade or liquefy the medium; individual colonies crumbly, being crushed only with pressure. The very young colonies viewed at the end of the first week under 30 to 40 X magnification were described by Koch as spindle-or S-shaped formations; decades later these early colonies were described as haphazard bundles of sticks (19). Because tubercle bacilli grew only between 30 and 40 C with optimum at 37 C, Koch immediately suggested they were obligate parasites.
In his attempt to convince his listening audience of the cause and effect relationship of tubercle bacilli and phthisis, Koch (17) undertook tremendous investigations in laboratory animals and established therewith the now well known Koch's postulates. It is perhaps in the animal studies wherein we encounter most difficulty in equating H37Rv with Koch's tubercle bacillus for Koch (17) described the lethality of his bacilli for rabbits, an observation at odds with our present concept of M.
tuberculosis (25) unless large inocula are used. Most of these differences can be reconciled in the light of two observations: (i) Koch's description of the isolation of tubercle bacilli from the calcified, white, pearly nodules in the lungs of cattle with Perlsucht is almost irrefutable evidence of infection with M. bovis, an organism known to be highly pathogenic for rabbits (14); (ii) although there is no quantitative designation of the amount of tubercle bacilli injected into rabbits, Koch's description of the ". , . injection of the same blood serum, in which. . . a crumb of a culture. . . had been suspended," implies a fairly heavy inoculum by today's standards; this statement, taken with his pathologic description of the necropsied experimental animal in which the 'b. . . extraordinary number of tubercles was in proportion to the large number of bacilli introduced," suggest that very heavy inocula were used, and this can indeed prove fatal for rabbits (42) .
In addition to the rabbit, Koch also reported his new-found tubercle bacilli to produce tuberculosis readily in guinea pigs, mice, and hamsters, and these results are concordant with information presented here and elsewhere (25). The fact that Koch observed minimal or no disease in experimentally infected dogs, rats, hedgehogs, pigeons, and frogs is in agreement with present observations (25, 42) whereas the minimal or variable pathology observed in cats was again almost certainly due to the occasional inoculation of this animal with M. bovis.
These limited, though detailed, features of 
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